In a general way the chemical nature and composition of gelatin have been established for many years, but the more thorough chemical study of various forms of connective tissue, which has been carried on so successfully during the last decade, has revealed the existence of at least three distinct varieties of collagen, characterized by marked differences in chemical composition. The collagen of white fibrous tissue and of bone is generally considered as the same; it apparently yields on hydration a gelatin with about 18 per cent of nitrogen. The collagen which makes up the greater portion of the cornea, on the other hand, contains about 17 per cent of nitrogen,* while the collagen of cartilage t yields a gelatin with only 16 per cent of nitrogen. Furthermore, we have evidence of the existence of a body in reticular tissue reticulin--the composition of which appears to lie midway between that of gelatin and of elastin. $ Its nitrogen-content, sccording to Siegfried, is 15.63 per cent. Again, the amount of sulphur in gelatin is usually placed at about 0.6 per cent, § Out the gelatin formed from corneal collagen contains o~ly 0.3 per cent of this elernent.l[ Lastly, Schiitzenberger and Burgeois consider gelatin (commercial gelatin) as practically free from sulphur, or hold at least that this ele: ment is an unessential constituent of the molecule. ¶ *~r n e r , U n t e r s u c h u n g der P r o t e i n s u b s t a n z e n in den l i c h t b r e c h e n d e n ~e d i e n des Auges. Zeitschr. f. physiol. Chem., Bd. xviii, p. 224. MSrner, S t u d i e n fiber die Chemic des Trachealknorpels. Jahres-Bcricht d. Thier-Chemie, 1888, p. 220.
The Gelatb~ from White Fibrous Connective Tissue
In all of these tissues the difficulty of isolating with perfect purity the albuminoid itself is very great. In white fibrous tissue, for example, the close juxtaposition of the several anatomical elements, as well as the similarity in the reactions of the several chemical substances present~ make it an exceedingly difficult matter to insure a complete isolation of the collagen. In a general way this may be readily done, but to obtain collagen from tendons, for example, absolutely free from all traces of mucin, elastin and albuminous matter is not so easy. To be sure, the large proportion of collagen present in tendons practically insures, with reasonable care, freedom from any very large percentage of impurity; but it is generally understood among physiological chemists that the sulphur of collagen or gelatin, for example, is somewhat questionable, that at least a portion of the 0.6 per cent of this element usually accredited to gelatin may be due to admixture of the richer sulphur-containing bodies, muein or albumin, with which it is so intimately associated in the tissue. Indeed, it seems doubtful if we have on record any analysis of collagen or gelatin extracted from white fibrous connective tissue which can be accepted as representing the chemical composition of the perfectly pure substance. Thus, a glance through the literature of the subject shows that most of our knowledge, especially bearing on the chemical composition of gelatin, is based upon a study of the commercial produc% the source of which is obviously more or less uncertain. It has therefore seemed to the writer very desirable, in view of the probable existence of a number of distinct collagens and gelatins, to determine as accurately as possible the chemical conlposition of gelatin from white fibrous tissue, having especially in view the preparation of the substance entirely free from all traces of elastin, mucin and albumin. This seems the more important as a necessary step preliminary to comparing the reactions of gelatin with albumin; a comparison which is of primary importance in determining the exact genetic relationship of these two bodies.
In many investigations on the chemical nature and properties of gelatin, the commercial product, purified perhaps by precipitation with alcohol, etc., has been employed and with valuable results, but in the light of present knowledge it seems quite imperative to establish with definiteness the chemical composition and reactions of gelatin from white fibrous connective tissue, and for this purpose it is necessary to have a product from a definite source and prepared in such a manner as to insure freedom from admixture, however slight, with any extraneous matters. The numerous proteid reactions obtained with ordinary gelatin are, in many cases at least, much less intense than those obtained with true proteids, a fact which has frequently led to the suggestion that gelatin owed its reactions in these cases to admixed albumin obtained from the tissue cells, etc.
When gelatin has once been prepared from the tissue-collagen, its further purification becomes exceedingly difficult. It is therefore of primary importance that the albumin, elastin and mucin be completely removed from the collagenous tissue prior to the conversion of the latter into gelatin. The removal of these substances, however, from so compact a tissue as tendon, with its predominance of collagenous fibres, is not easy, and considerable time must be given in order to accomplish this with any degree of thoroughness. The agents employed for the removal of these substances were water, half-saturated lime-water, dilute acetic acid, and alkaline pancreatic juice. rR~PAaATION A.
Achilles tendons from oxen were carefully cleaned, freed from fat, etc., and then cut into very small pieces. The finely divided material (700 grammes) was then soaked in thymolized water, frequently changed, for several days to remove as much s(~luble matter as possible. It was next placed in 2 litres of 0.25 per cent solution of sodium carbonate; 300 cc. of a powerful pancreatic juice, prepared from Kiihne's dried pancreas, added, and the mixture warmed at 40 ° C. for five days, thymol being added from time to time to prevent putrefaction. In an alkaline pancreatic juice of this description the pieces of tendon swell up and the individual fibres become more or less separated, so that the mass becomes soft and spongy, thus giving the solvent a good opportunity to reach every part of the tissue.
As has been frequently demonstrated,* collagenous fibres which have not been boiled with water or treated with dilute acid are insoluble in an MkMine solution of trypsin. Elastic fibres, on the other hand, undergo digestion by this treatment, with formation of soluble products, elastoses and elastin-peptone. ~ucin is likewise dissolved by the alkaline fluid, while all albuminous matter is readily converted into soluble proteoses, peptone and amido-acids. This method would certainly seem to furnish an effectual means of removing all tissueelements except the collagen; even the nucleo-proteids and nucleins of the tissue cells being dissolved by this treatment.
When the digestion was completed the residual collagen was strained off and washed thoroughly in large volumes of water until the pieces of tissue were without action on litmus paper and the fluid gave no reaction for dissolved proteids. It is to be noted, however, that when such apparently neutral tissue is boiled with water, the fluid gradually acquires an alkaline reaction, thus indicating that the last traces of alkali cannot be removed by water alone. The collagen was next boiled with several litres of water, each portion of water added being kept in contact with the collagen for a few hours only, in order to avoid the iormation of any gelatoses by the too prolonged heating of the newly formed gelatin. For the same reason water was frequently added to prevent the boiling point of the solution being raised by the increasing concentration. When the first extract was poured off, the residual collagen was boiled with a fresh quantity of distilled water, this operation being repeated until the larger part of the collagen was transformed into gelatin. The united fluids were then evaporated on the water-bath until quite concentrated, forming when cold a hard, firm jelly. The gelatin was next precipitated by alcohol, this being accomplished by pouring the warm jelly, with stirring, into a large volume of 95 per cent Meohol, by which it was thrown down as a soft stringy mass, gradually hardening by longer contact with the alcohol. The precipitate was then extracted for some days with absolute alcohol, and then with ether until it became hard and brittle. It was next ground up in a mortar, and the powder extracted continuously for two days with ether, for the complete removal of all fat or other ethersoluble matter. After this treatment the gelatin was dissolved in hot water, the ttuid filtered through paper with the aid of a hot-water funnel, the filtrate concentrated somewhat, and again precipitated by a large volume of alcohol. The precipitate was dehydrated by repeated treatment with absolute alcohol, again pulverized and reextracted with ether, a~ter which it was considered ready for analysis.
For analysis, a sufficient amount of the substance was dried at 110 ° C. until of constant weight. Carbon and hydrogen were determined by combustion in an open tube with oxygen gas, the products of combustion passing over a layer of cupric oxide, a layer of lead chromate and a roll of reduced copper, l~litrogen was determined by the Kjeldahl method, sulphur by fusion with sodium hydroxide and potassium nitrate in a silver crucible and precipitation as barium sulphate after the method recom~nended by Hammarsten. This preparation was made from calves' tendons, Achilles tendons, the method pursued being exactly similar to that made use of in preparation A.
The composition of the gelatin, dried at 110 ° C. until of constant weight, was as follows: Here the method of preparing the collagen was somewhat different from that followed in the two preceding eases. Ox tendons, carefully cleaned and cut into thin transverse sections with a razor (800 grammes), were extracted thoroughly with water, then soaked in halfsaturated lime-water for three days, for the removal of the mucin. The residual tissue was washed with water and again extracted with lime-water as before. After this treatment the tissue was washed repeatedly for five days with water slig'htly acidified with acetic acid, care being taken to avoid adding enough acid to cause swelling of the fibrous tissue. It was then digested with alkaline pancreatic juice at 40 ° C., 2.3 litres of an active solution of trypsin containing 0.25 per cent of sodium carbonate being employed. After five days' treatment of this kind the residual collagen was strained off, washed repeatedly with cold water until entirely free from alkaline reaction, after which it was converted into gelatin by the method already described, and further purified as detailed under preparation A.
Analysis of the product, dried at 110 ° C. until of constant weight, gave the following results: In this preparation the method of procedure was not quite so elaborate as in the three preceding cases. The tendons from oxen were cleaned and cut into thin transverse sections, soaked for some time in water, then extracted for five days with half-saturated lime-water, occasionally changed. The residual tissue was next washed for ten days with water slightly acidified with acetic acid, lastly with water alone. It was then boiled with water for about half an hour, the resultant solution being rejected, after which the collagen was transformed into gelatin as in the preceding eases, except that the boiling was not continued for so long a period, in order to avoid any hydration of the elastin that might be present. The gelatin was then purified as in the preceding cases.
Analysis of the dried product gave the following results: The results of these analyses agree so closely that it is safe to conc]ude that the several preparations have practically the same composition. Especially noticeable is the low content of sulphur and the small content of ash, two features which may be taken as indicative of the great purity of the products. Undoubtedly the small percentage of sulphur, as contrasted with those in the older analyses, is due to the more complete removal of mucin in these preparations, for, as has been recently found, the sulphur-content of mucin from tendons is quite high, 2.32 per cent.* It is also to be noted that the present analyses show the percentage of sulphur in this form of gelatin to be even lower than the amount found by )/[Srner in the gelatin obtained from corneal cartilage, 0.3 per cent. Further, the above samples of gelatin give no reaction for mercaptan-sulphur with plumbic acetate and potassium hydroxide.
In preparation C, phosphorus was determined by fusion with sodium hydroxide and potassium nitrate, etc. The result showed the presence of 0.025 per cent of phosphorus. The ash, however, contained calcium phosphate. Calculating all the phosphorus found to tribasic calcium phosphate would account for less than half the ash. The ash also contained calcium sulphate. Taking the average content of ash and calculating half of it as calcium sulphate would require 0.038 per cent of sulphur, an amount too small to materially modify the percentage of sulphur found in the substance.
Among the earlier analyses of gelatin, or rather of collagen, from white fibrous connective tissue are those of Scherer.~ His process of preparation consisted in macerating the tendons in water containing saltpetre, washing repeatedly with water, and finally extracting with alcohol and eCtmr. The average composition of the product was C 50. 51, H 7.16, N 18.37, S and O 24.03 .
Hofmeister$ prepared a body which he considered identical with natural collagen, by heating commercial gelatin (purified by precipitation with alcohol and containing 0.61 per cent of ash) to 130 ° C. until constant weight was attained. This substance he believed to differ from the gelatin by only one molecule of water. Its composition was C 50.75, tt 6.47, ~ 17.86, S and O 24.92. It contained 0.62 per cent of ash. Sulphur was not determined.
Gorup-]3esanez § gives the following analysis of tendons and of the gelatin prepared from them: Hammorsten~ obtained 0.665-0.747 per cent of sulphur in commercial gelatin containing 1.74 per cent of ash.
Weiske~: prepared gelatin or gelatoses from bone by extracting with dilute hydrochloric acid and then heating the residual tissue with water at 130 ° C. in a Papin's digester. This product contained only 0.30 per cent of ash. The disadvantage of extracting tissue of this kind with hydrochloric acid, although unavoidable in the study of bone-collagen, is apparent from his own statement that after washing the softened tissue in water for four weeks it still contained chlorine. From commercial gelatin, according to O. ~Nasse, § the inorganic salts may be removed by long-continued soaking in water. In this way he was able to reduce the ash to 0.6 per cent. The soaking of gelatin in dilute acid, however, results in the formation of a saltqike compound, from which the acid cannot be withdrawn by washing with water. By adding a little ammonia to the water this may be accomplished.
From this short r~sum5 it is evident that pure gelatin from white fibrous connective tissue is not widely different in composition from commercial gelatin, so far as the content of carbon, hydrogen and nitrogen is concerned. In the content of sulphur, however, there is a wide difference, pure gelatin from tendons containing only 0.25 per cent of this element. Especially important in this connection is the fact, now brought out, that the sulphur-content of gelatin from white ~The Primary Cleavage Products formed in the Digestio n of Gelatin. Physiol., vol. xii, p. 23. ~f Zeitschr. f. physiol. Chem., Band ix, p. 305. :~ Zur Chemie des Glutins. Ibid., Bd. vii, p. 460.
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~Ueber die Chemie des Glutins. Jahres-Bericht d. Thier-Chemie, 1889, p. 29. fibrous connective tissue is very closely akin to that of the related albuminoid elastin, a the latter, according to the latest researches, containing 0.3 per cent. of this element. Elastin, however, differs widely from gelatin in its content of carbon and nitrogen. Further, the fancied difference in the content of sulphur between corneal gelatin and tendon gelatin also falls away, although these bodies are plainly unlike in their content of nitrogen.
REACTIONS OF GELATIN.
Although the four samples of gelatin' described were studied with great care, no difference in chemical reactions was observed. They all showed a very faint alkaline reaction and were rather noticeably soluble in cold water. In trying precipitations with various reagents, a 2 per cent aqueous solution of gelatin was made use of, and at room temperature this was fluid enough for the purpose, but if warmed and allowed to cool undisturbed the solution showed some tendency to gelatinize. Halliburton t states that the power of ge.latinizing is possessed by solutions from I per cent up, but diminishes with every successive solution. This somewhat weak power of gelatination is not to be ascribed to extensive conversion into gelatoses, but is more probably connected with the greater purity of the products. Thus O. Nasse$ observed that the more nearly free from ash his gelatin was, the less the tendency to ge]atinize, diminution in the percentage of ash leading to loss of the power of gelatination. This being the case, freedom from inorganic constituents might naturally be expected to result in greater solubility in cold water. Hammarsten § mentions the well-known fact that gelatin is more easily precipitated by alcohol in the presence of neutral salts, and he further mentions that " it is precipitated by tannic acid in the presence of salt." Salts unquestionably do exert a very marked influence in rendering precipitation of gelatin more complete, from which it might be argued that their absence from or diminution in gelatin would enhance its solubility in water and decrease its power of gelatinizing. On the other hand, it is of course possible that the long-continued process of preparation may have resulted in the formation of some gelatose, although great care was exercised to avoid such an occurrence, the heating with water in the conversion of collagen into gelatin having been of comparatively short duration.
In the precipitation of pure gelatin with most reagents there is noticeable a tendency toward incompleteness of separation and a dependence of the reaction upon the attendant conditions, especially the concentration of the fluid. Upon this fact, no doubt, many of the conflicting statements in regard to the reactions of gelatin depend, although some of the differences noted by various writers are due to the lack of purity of the gelatin employed, and possibly also to the source from which it was derived. Further, the fact that with certain reagents only slight precipitates are obtained has led to the belief that these reactions are due to the presence of albumin and not to gelatin itself~ whereas the correct explanation in many cases is to be found in the solubility of the precipitate, in the excess of the reagent, for example, which may even prevent its appearance altogether if the conditions are not favorable.
Pure gelatin gives the biuret or Piotrowski's reaction strongly, the shade of color being a violet-purple. ~illon's and the xanthoproteie reactions are obtained with great distinctness, the former being especially strong, although in both cases the reaction is by no meaI~ as marked as that obtained with corresponding amounts of albumin or globulin. The reactions are altogether too pronounced to be crediterl to traces of contained albumin, as has ~requently been done in the past. Far more plausible is it to assume that the radical or radicals (perhaps an oxybenzene group) to which these reactions are due, and which are so abundant in the proteid molecule, are contained only in small proportion in the gelatin molecule.
With Adamkiewicz's reaction, and also with Liebermann's react! _~, pure gelatin yields negative results.
With acetic acid and potassium ferrocyanide a slight precipitation is obtained, if the ferrocyanide solution is added carefully. A very slight excess of the latter redissolves the precipitate.
With pieric acid, trichloracetic acid, tannic acid, chloroplatinic acid, phosphomolybdic acid and phosphotungstic acid, pure gelatin is more or less completely precipitated. With picric acid the precipitate first formed redissolves readily, becoming permanent on addition of more of the reagent. It is somewhat soluble in excess of the precipitant. With trichloracetic acid the precipitation is far from complete.
The following reagents do not precipitate pure gelatin: phmbic acetate, basic lead acetate, cupric sulphate, ferric chloride, silver nitrate, and mercuric chloride.
!Vfereuric chloride, however, causes a precipitate if hydrochloric acid is added. As solutions of mercuric chloride sometimes contain a little free acid, a turbidity may be obtained with the mercuric chloride alone. The precipitate formed on adding acid is very s~)luble in excess of acid, especially on warming the fluid, reappearing as the solution cools. Sodium chloride appears to assist in the precipitation if added in considerable quantity (in 20 per cent solution), simply by making a medium in which the precipitate is less soluble~ but it does not play any essential part in the reaction. Acetic acid will not take the place of hydrochloric acid in this reaction, neither will sodium chloride induce precipitation of gelatin by mercuric chloride in the absence of acid.
Gelatin is precipitated from aqueous solutions by saturation of the fluid with ammonium sulphate, with sodium sulphate and with magnesium sulphate.
Saturation with sodium chloride causes only a slight precipitate, but if acetic acid is added to the salt-saturated fluid a heavy flocculent precipitate results. Hydrochloric acid will take the place of acetic acid in this reaction, but the precipitate is more soluble in excess of the acid.
Saturation with ammonium chloride fails to produce any precipitate ntil the fluid is acidified with acetic acid, when the gelatin, in part at least, is thrown down.
